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ABSTRACT

The distribution and some properties of alkaline phosphatase (ALP) were investigated in the midgut of the
earthworm, Eisenia andrei. The ALP activity appeared to be highly polarized toward the luminal side of epithelium,
with minor ALP activity in chloragogue tissue. The epithelial and chloragogeneous tissues contained approximately
85 and 15% of total intestinal ALP activity, respectively. The optimal temperature was approximately 37°C and
isoelectricpoint was estimated to be 4. The treatment of neuraminidase and PtdIns-PLC failed to change the
migration rate of ALPs. Also, these ALPs appeared to have a wide range of substrate specificity. The relationship
between the properties and physiological significances of the midgut ALPs in Eisenia andrei was discussed.
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Aol Haz FAFEE YAHT o, =¥ #%
A1 EE (soil burrowing animal)2A] oA Al A -§-7]
EA &3] - Fedk A-E sl qlch

Alkaline phosphatase (ALP, orthophosphoric monoester
hydrolase, EC 3.1.3.1)= 79 =& £& F2] cloFidlt 23
of theFst AelE Exsle &iolvth Yub¥ oz mem-
brane-bound glycoproteine]i} X soluble formXx Zz 5}
31 27} ofeo]&(metal ion) 2]EA F2] BEAE 71 ot
=g A AR T3 e odokRe] diaht F47) ghis
o] FoiA I Sl 7ol ol R-=3l3 glut 7]I-Hol A
(organ-specific) ALP, ¥} o}-E-0]# (embryo-specific) ALP 5
o32] isoenzyme forme] ez glow 9JsbHow v 2.4
Hol ofe] Wy A4S Atele prhog ghe] o] 4¥ il
9) o} (Fishman 1974).

&7 9lelAE A (intestine), 7HAF (liver), A1 &H(Kkid-
ney), e)Hk (placenta), &7 (bone) Eo]A ALP £o] &3}
W 247 Az o Ased S4e depla gk ol
gt ol2] isoenzyme forme] 2% 4 A3t EolAe 7+
isoenzymeo] Az o2 21 HEF M)A 7% =
T FaAE AT e A

ALP?] A2 7)ol B A7 F2 Azdze) B
Holgo] b 7]3el wisf Aixeoz Fudt o ==
A Aol A o] Fel A 1 Qle}. Abgte] A ALP: A pH(pH
10)8ch v e Ale]A pH(pH 7.4)9)|A] p-nitrophenyl
phosphates} o} &2 23#& 71X 9lo]A] phosphate
binding protein®] G&-g & 7}15Ae] gl Aoz W I
¢lo} (Hirano 5 1985). =3k 215 2] 7 $o)l3= 3}9) glucose
F205} phosphate oo ALP7} A%¥Sle] glehi 277}
R.71E¢) o (Roubaty2} Portman 1988), ALPS] ¥l gl
olgtz otelx] gli= phosphoester hydrolase B4 o] 2o
transphosphorylase 843-& 2331 ¢lo], o] &Ado] A, 7h
%A o 2 7)<l (inorganic phosphate)d} calcium $4oj
HEe] o& Aoz FAska vk (Dupuis ¥ 1991). 28
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1} vanadate 3= arsenate2} 7H-2- A A& ARE3E Y
Aol A= ALP &4 A7} AellM ale] 48 oA
4 g8 Aoz dehtd, of T Ashaly wee A
= 0:]34/«10] %j\.‘_: 74 o7 1_25]7]5 {5].931\:} Al zoLg] ALP
7)o #3F o Fol 9lefr]E o] &A7F F]A 2 brush bor-
der membranesi| A F7)el %ol FoFrlE B T (Yusufi
T 1983)2} Mz Aol glok Adwbdl Rl (Tenen-
1980)7F gt o) wlol) = <l F(cartilage)e] ALP
7]%5-0l] o3k ol FellA] ALP: matrix vesicle®] phosphate

Frel d@tse] e Aoz AAFHY, vanadae s AH4-3F
dF-ollA] ALP2] 4|7} phosphate 348 $H43] A3}
Ar zeh Aoz vkt o Ao el ALP o2
9 g8 247 QA & Aoz RyFHoH
(Register?} Wuthier 1984), T22}j¢]] o] 7ol A] membrane-
bound forme] o}xl soluble forme] XA 5317 = 3}
Atk (Say % 1991). =& 85 47 FHAag A 7HA] 3
go] ALPE Z3stT glon (Tojyo 1984),
horn)¢] 7A-$- Al 7}A isoenzyme= EDTA, heating, acid2}
urea 53} 71:—.}-’\2_‘ AA dxpol] Mz 27 vhgEte Aoz
1 7% ¢leHChang®t Moog 1972). AFe] 4o} ALPE 3
438+ Al 7}A] Hel9] isoenzyme & EJ3II glow, o] F
871 8jel 9] isoenzyme Bho] neuraminidaseol] 2]sf 2HAd
o] A =E Aoz vepdtel (Mulivor 5 1978). 3 o2
ZxolA 71938 27kl ALP: neuraminidase x] @]l 7}
7] = A ¥resls (William3} Linda 1988), =879 %
ALP2] 74 %-o]= phosphatidylinositol-specific phospholipase
C (Ptdins-PLC) 59} Hzle] ot odxe) A8E 23
glycosylphosphatidylinositol (GlcPtdIns)oll anchor=]e] lvt
3 B 7 39} (Hoffmann-Blume 5 1991). o] ApAl-2-
7 eje] isoenzymeo] HEF A FA4E 7R T
o, A7ke] ezl 553 A J¥E tm LSS
vrepd ot

)2 o] A2l ALPo| 33 Q3= o] FEo] Efo|vt
ZHF HuES A3t ok &
&= BAAF A (intestine) ALPe]| 33t 17
o372 e,

)& o]¢] A ALP+ glycogen 3] (Prento 1987a), trans-
membrane transport (Deve} Vyas 1972) ZLe] X xenobiotics
o} bioactivation (Park & 1993) &3} 7+ ofz] A3t wb
Lof] FeJal= Aoz g glen, o] AAe] A F
Fx Fol upe} wi$- sl vebhd sz ot Lumbricus
terrestrisoll /] = chloragogue tissue7} A A ALP #H4 9]
45%2 #R| 3k ¢} (Prento 1987b). Chloragogue tissues
Aol o) Hel mA oz wiH W LR,
ofu] At YALEA B 2)A thalEA 53], xenobiotics H
AlEAS o 238D gl ESFRA B R L terrestris
2] 2} ALP:= F2 xenobiotics thAbel] Feddln 9lE 7o

house -

e} (white leg-

Korean Journal of Soil Zoology

June 2000

2 =257 )} (Fisher®} Molnar 1992). Barogaster an-
nandalei®] 73-$-ollx= #rA}s] (intestinal epithelium)e] 244
.2} (apical portion)ol] =3tEe} ALPS] #Ade] vehtx
gl A} AHI M EE Ed EZo| e Tl gl= Ao
2 Al 53 givh(Deve} Vyas 1972). o] g} 3ro] 2 ALPL]
¥z e O YA 7)%g olsded & =& €
Aoz g7rec).

72 o] Al glelA ALP2] A3tsty EAL Lumbri-
cus terrestris® A EE o] Park 5 (1990, 1992)0l] 2{3)
A pH, A™ 2%, Km, S\ A6l 28t o35k 9l Hxjak
= 7 oy Bud vl glew, Eisenia andrei®] 7 ALP
of #Ag QAFel edM = HT Park 5 (1996)0] 23
isoenzyme 427} R ¥ 9l B Aztetd EA o) 3 AT
© oh oA etk AP gslatd S A
pH % £ Km, Vmax, 22}2, AA# 2] &34 27} oFe)
o)&A F sulthydryl?] 924 Fol A3 AF7} F2 o
Z) 3 ¢) o (Houk®} Hardy, 1984; Soucek} Vary
1984), % % % 1 71900] web vlg cherd PR
Epll 3z gl (Park 5 1992). weba]l & A= Eisenia
andreiS Az Sjo] AN ALP 24 $E} Ak
ZA3 (pl), A A, neuraminidase2} PLC A 2ol w3t

)(c

ogef % 714 ol 5 9 A BAE WA LiF
% e 53 viagesd fEA =g FHEE
2l Aol F4] ALPe] Aelshy Fo4s 1 7]
54 olajaladt st

EC‘J =13

[=3

2
i3

1. X|210| (Eisenia andrei)2| HHf

22 o] = Park 5 (1996)ef 2|3 Wi oz ARg-silvh W
Al w1718 A3 o] (Eisenia andre)E& F-Q3te] ot

&ahe= AFolE AAT F B %
Aute Aol g AFelx R4z 4 2 Al
Halgict. wlofA] Abgat =oke wioFEs) A
12 #ghele] Agslgdon) 15x20cme] FepAE 470
Yol 23+1°CE #2181 haoll A wf okshsdet. whof Aol
EFe MZFY AL Hagsr] st 65°C Hxg
A7) ovenol| A 12A]17F o)A} AxAZ] & AbLslgich vl ok
N e TFshed 80% oA 5
=) 8HA) &7 food source 2 E-2 wjd Bk 9ol T
stodeh Aol Hagh 79 o4 rlE vk F Al
AHg-shod ot

Aol AHEE 2ol A mlAEL] A3k s
8171 $18}ed, A& o] AJe]A ¢4 (25 mM NaCl, 2.5 mM
K,SO,, 67.5mM Na,SO,, 0.5 mM MgSO,, 13.25mM CaCl,, 5
mM Tris, 2.7 mM glucose) 2. Al filter papersif A 2447t
wjoFste) A BAL Wi EAZ F AR

FAeE FH5%
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2 %9 o

72 o) e} FAbe- 2 Zs)7) 91Ele] A8 e]E 70% ethanol
2 el A7 & el wjRz Ahste] FA 3352
7| e] F2-& A Esheic).

3. ALP2| £2{

22 ALP: Park 5(1996)o) 2l&t wpie= Halasd
o} 2e)x zb 222 Glass-teflon homogenizer (Wheaton)
9] Al 1g)

© 77, cold butanol

2 FAYE BHE |3, oooxgow 3037
(Jouan MR 18 22)8}e] =1 AbZzolube o
(4%—%3: 20%)& H7bske] 5E tH o2 1024 E§st
o 6087+ wjeFaleleh wloF & 13.000x gl 603+ o
@”E]?S}Oﬂ butanol & A} 7)3}a1, A2 nk-E »o}l cold
acetone e 71kl - 10°Col A} 1082 wjeksleict. v of
13,000 X gell A 57 QA EEEle] whl Al g 3 A A
o) &AL BM® 233 non-denaturing PAGES ) 3F

A l(enzyme source) .2 Abg-3leivh gie] = IS

o5& f)skel salshalet.

=
K3
s

e oo
ALP2| A xa =A3)17] 218ked 0.1 M, pH 9.0 Tris-HCl
gl orn a8t F 42 100wl 214 100 ul (10 mM

4 ALPO| g =M 3 chzl mar
=

p-Nitrophenyl phosphate)2 H7}élo] 37°Cell Al 1587 wE
oAk 7L ZF 0.1 M NaOH 1 ml-& 3 7}ebe] wteg 95
# &3, QA5 p-nitrophenol aniong ¥4 54| (Beck-

man DU 600)2 400 nmel| M F3 =& 45l IS
=a15}ei}h. A7) 27| A p-nitrophenol 2] extinction coef-
ficienty¥= 1.2 x 10* cm*/mole o] =}

Al Aake Bradford (1976)2] Hpwlel oz} &4 51
o}, olu) =EFE whAZ bovine serum albumin (Bio-Rad)&

e} e

5. ALPo| ZAsiatx

ZA ALPe] R-xZ ofelr 7|
He olgstelct AAAA 28
dehyde )} 1% glutaraldehyde”} %3+%¥) 50 mM, pH 9.3
borate ghE-Beoll 4°CE f-A|sb 1087 12k 2T &
2ol ghEgalo|A] [2A)7F wfokstil, 10% sucrosev} £
¥ ¥ borate shFgH oz A stct A FHL |
mm Z o] 2 Huksle] 4°Cell M otz epA]7]l 5 st
ol Eu3} 3 cryostat (Leica, CM 3000 V 2.118 0|85}
Sum FAz 2vdsg wsqdd A=k A2 chrom-
alum gelatino 2 precoating®  glass slide ¢l mounting3}
I, 0.25% a-naphthyl phosphate®} 0.05% diazonium salt7}
=3% 50 mM, pH 9.3 borate $+58&- °‘M]H 3087} wjoFst
437 3k & EHe] 7 (Olym-

2

g)sted mAlEhsbA b

N Z3tod 4% formal-

o} ALP enzyme productE-

pus, VANOX-S).e. 2 atsloict.

6. Non-denaturing polyacrylamide gel electrophoresis
(PAGE)

non-denaturing PAGEY  Ornstein (1964)2) w8 o3
W3] slo] 43l sbglv}. Separating get (6%, 8 X 12 % 0.1 cm)™}
stacking gel (4%)-2 B 2.6% crosslinker2} 0.5% Triton X-
1008 =3sldet ®eldt 34 ALPE: 0.5% Triton X-100
o] =&+l sample buffer (80 mM, pH 6.8 Tris-HCL)oll -85
shod 7}7heo] wellwpe} gzl o] =w 7t eF 20-50 ug/5 ulH
HxE loadingd}il, #x 150 Vel A 308-7F A7|cdEst
F 250 Vel A TOE7H 247104-‘&8}031:}.

7ledEo] Byt  ALP ¥9)3 #913)7] 2)sle] acti-
vity stainingS- Al 1»]3}93.1;]-. activity staining2- separating gel
£ 15 mM «-naphthyl phosphate (Sigma, USA)2} fast blue
BB dye (1 mg/l ml. Sigma, USA)S Z&3sh= 0.1 M, pH 9.0
Tris-HCl $h2 8.0 ol &) 37°CE G-A|apm [087F wjok
sof 414 shedct.

7. ALP2| 515 K|

A7) A el o3l 5,}0\!‘4 ALP 3-8)9he gel cutter2 *
A A A Ael QAL 4°C, 30 mAo Al 64)7F b Elec-
tro-Eluter (Bio-Rad) =2 ALP% 34319 c). olu Abe-x]
elution 2FZEg-el 2 of =A] AJ4 =l reservoir b4l E
g3k A& ARk 35 ALP (AA| 4% 400 pl-500
uhy& cold acetone 2.2 A A1 0.1% Triton X-1000] =3
¥ 0.1 M, pH 9.0 Tris-HCl $-3 8- | mid) £33 &
Sephacryl S-200 HR gel filtration column (1.6 X 35 cm)el} %
FA e} o)ul §-<=2 20 mi/hrz BFiSL, B 1.5mlY
Ak 2z} %544 4 2NEE A £ x2S 24
o] A viehd REHRME A e ARgslAt FHF FE

AA = oF 1008] A=)

o

8. S&Z (isoelectric point, pl)2] &4
ALPS) 543 242 F23 g4 Smgd AA vol-
umeo] 18mie] HEZ 0.5% ampholyte {Bio-Rad, pH range
31007 &% 23} 2542 A& 5 Rotofor Cell (Bio-
Rad)& AL83ke] 10Well4] of 2417F ¥ w 77y
wae pgstent S48 4 wae

]
pHE A 3le] 21 A7 vehd -‘i‘rJ"l P

>.
m‘.‘,"_.
o 1
L
ﬁ

9 Hotdy ME

4 Ao o)X= L= ks golur] $lad
ALPZ st madd 100WE 4°C, 15°C, 25°C, 37°C,
50°C, 65°Coll A1 1027F efekst = 7] 100 ul (10 mM p-
nitrophenyl phosphate)& % 7}sfo] 2 &xolA] 15EZF 4t
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LA A ¥ & 0.0 M NaOH I mig A7}sted 343 s
A 2. 400 nmﬂm EA5E ERee] 2t Lo st #4
=% 9wy

10. Enzyme ditestion
1) Neuraminidase2] X2)

Neuraminidase®] * 2]+ Willam3} Linda (1988)2) Hhy
& ot Mystel ARgsjeleh wE AAH 7% ALP 10
ugell Neuraminidase (from Clostridium perfringens, 4.5 Ul
ml; Sigma, USA)7} £3H¥] 70 mM, pH 7.5 Tris-HCl $+32-
A 300 uls Aristed 37°CollA] 12417F wfokabsdet. vk
% non-denaturing PAGE$} activity staining g 43 8e] A

23} £5 ulaselet

2) Phosphatidylinositol-specific phospholipase C (Ptdins-
PLC)S| X2|
PtdIns-PLC®] 2] Hoffmann-Blume £ (1991)9] 2}3t
W g b W) gt 3 AN R FA ALP

10 ugol} Ptdins-PLC (from Bacillus cereus, 1.6 Ul/ml; Sigma,
USA)7F Z&% 0.1 M, pH 5.0 acetate 2384 300 ulE A
7tated 25°Celi Al 24417} wfeFsted ot wok & non-denature
w3 ste] Azt F& win

PAGES} activity staining%
ahsich.
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Qo) BxE =yshe] wmalddch 7)o Fiskest
Subbarow (1925)2) kel o)) AgFalae). 1 w2 o
S} zoh B2 AAE &a 250 ulel] Z2be) 7)Al 250 ul
7} =%¥ 0.1 M, pH 9.5 Tris-HCl $+Z 482 #Hrlsled 20
Bk w2 Ao 4k & 30% cold TCA 500 ul& H7ist
o 4,000 x goll A} SEZF 14 Belstar, AbEHAol 10% ascor-
bic acid, 2.5% ammonium molybdate, 6 N sulfuric acid, &5
$7} 747k ) 282 23 %01& 4ml H7}sled 37°C
A 24)7) ) Oka}oﬂt} wjoF & BBzl 2 §20 nmei A
B2 A3t JAH —r—7) ?)9] oF& potassium
phosphate dibasic (K,HPO,, Yakuri, Japan)& ZFAGo R
ygoze wsgon 4¥A% 249 F4es a9
ol BgAA 2 & AZI o A8 FAL pe
nitropheny! phosphate (2 mM, Fluka, Swiss), adenosine 5'-
monophosphae (2 mM, Sigma, USA), adenosine 5'-diphos-
phae (2 mM, Sigma, USA), adenosine 5'-triphosphae (5 mM,
Sigma, USA), glucose 1-phosphate (2 mM, Sigma, USA),
glucose 6-phosphate (2 mM, Sigma, USA), fructose 6-phos-
phate (2 mM, Sigma, USA), bis (p-nitrophenyl)phosphate (20
m, Sigma, USA), a-glycerophosphate (2 mM, Sigma, USA),
13 B-glycerophosphate (2 mM, Sigma, USA) %-o|gid).

4 T

1. ZE ALPe 2%
Fig. 1-& Eisenia andrei 3% ALP2| £Z& el 9]

Fig. 1. Histochemical distribution of midgut ALP in the earthworm, Eisenia andrei (x200). C: chloragogue tissue; E: epithelium; L:

lumen of midgut; T: typhlosolar region.
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Fig. 2. Analysis of thermal stability of ALP activity in the midgut
of the earthworm, Eisenia andrei in various temperature,
The midgut ALP was preincubated for 10 min and then
assayed using p-nitrophenyl phosphate as substrate for 15
min at the incubated temperature. The activity was ex-
pressed as the percent of maximal activity.

(A)
10 —

pH

N WO A~ O OO N O
|

T T T 1
0 5 10 15 20

Fraction Number

Table 1. Percent distribution of ALP activity in the midgut of
Eisenia andrei

Eplthehum

84]4—814

Chlorugogue tissue

Hk)+814

a The percent distributions are exprcsscd as the mean=+S.D. for nine

experiments and were calculated by (total activity-tissue activity) X 100

Jtotal activity. The unit of total and tissue activity was nmol min"!,

v}, Eisenia andrei®] ZF7 oA+ ALP 8A]¢) ojBRo] A}
~bg)e] A4 B9 (apical portion)ol| A relyt o™ (arrow),
chloragogue tissueol] A= niA gt ALP #4] (head of arrow)
o] Zaslglv}l. 1'jv} typhlosolar regionel Aj= ALP &4
of A=A skt 2] 2 ALP A F oF 85%7} 4}
Tz Aol FEasliz 9l9l.e™. chloragogue tissueol A= 1}
m 2] eF 15%8 2837 Qs Hleog Atk (Table 1),

o =
wlet ALP 842 373 zbaslgdoen, 65
g o} 719] viepdA] ¢kske} (Fig. 2).

(B)
25
20 —
A6

A0

0.D. 400

.05 .

0.00
0 5 10 15 20

Fraction Number

Fig. 3. Determination of pl by isoelctric focusing using Rotofor Cell (0.5% ampholyte, pH range 3-10). (A) Profile of pH gradient

established after completing isoelectric focusing, indicating that pH gradient from 3.3

3 to 9.6 was properly distributed in each

fraction. (B) Enzyme activity of each fraction recovered after isoelectric focusing, showing the distinct peak at the fraction number

of 2.
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3. EX & (isoelectric point, pl)

ALPe] 5-H & Z2s}7] 94 isoelectric focusing®] H}
W2 o] 83}e] Rotofor Cell (0.5% ampholyte, pH range 3-
IHE Flgt Az S| oF 4043202 A4 =i
o) Aoz FgAEgdct(Fig. 3).

(A) (B)

Fig. 4. Electrophoretic profile of secretory ALP isoenzymes be-
fore and after enzymatic cleavage by neuraminidase and
PtdIns-PLC. (A) Treatment of neuraminidase. lane 1: con-
trol without neuraminidase; lane 2: treatment of neuramini-
dase. (B) Treatment of PtdIns-PLC. lane 1: control without
Ptdins-PLC; lane 2; treatment of PtdIns-PLC.

10 —
8 - ]
&
£ o1
©
Q ==
=
5 4
o
w
- DHD H ﬂ
O )
R LR R 2 2 2 2 @ K
SO T LT FSL
S ¥ ¥ Vo@é\o&"\ oé? OQQQ oc:é\ >
Ll G O NN
SEFTLR
PN cp""@ c)oé?J &
’ 4 o
& ¥ N P (Substrates)

Fig. 5. Substrate specificities of secretory ALP isoenzymes from
the midgut of Esenia andrei. The specific activity was
expressed as nmol min~'mg™! for triplicate determinations.
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4. Enzyme digestion

Neuramnidase 2} Phosphatidylinositol-specific phosphatase
C (PtdIns-PLC)& *)8]3F A& A3} neuraminidase$} PtdIns
PLCE| Eael olsiA] ALPS| 84S 93e BA| dgke
o), gel Fel41€] ALPS| o] 5ol = xhel 7} vhehtx) ehgh
o} (Fig. 4).

5. ALP2| 7|Z& E0|4A

HE A" 22 ALPY 714 Bo|A& Fig. 54 e}
ek B8 AA S Eisenia andrei 7+ ALP+¥ p-nitro-
phenyl phosphate (PNPP), glucose 6-phosphate, adenosine 5'-
triphosphate (ATP). adenosine 5'-diphosphate (ADP), adeno-
sine 5’-monophosphate (AMP), a-glycerophosphate 3! f-
glycerophosphate 5-2] 7]2le] Hv)w? ¥ A& #HA5
9131 fructose 6-phosphates] A= Bl w3 *& Az = o}
gl eict. 2} glucose t-phosphatee]] T sir{= PNPP 2
o} 4l ol Are] =S vfehl 3 gleiA AHgE 7 F
H39 FANES S8}t IR bis (p-nitrophenyl)pho-
sphate (BNPP)¥= A3 #&]8t#] Lah= 7oz Atagnt

o &

o] Aol EAstE a0 FH H isoform®] F,

7
B4 Fel AY AFE F2 B43E oA} (Prento 19874,

b), transmembrane transport (Dev and Vyas 1972, Prento
1987a, b), xenobiotics WA} (Varute and More 1973, Stener-
sen and Oien 1981, Milligan % 1986, Hans S 1993, Park &
1993) =9 Aol 9loJA] AT 9} chloragogue tissue2]
Qe 224 olaay] Slaked SuE ol A
of EAsle o8] EAE FolA ALPE AVIR R
A3 1 BT Beishn Gle Aoz WA 2k
x| A ele] 2 ALP: glucogen ) A} (Prento 1987a, b) &
organophosphate®} bioactivation (Park 5 1993) Aol 3
dxe] glom, 2 AuE B3I 43RS olFox A,
PR oz ARFHogle ez A& ¥} (Dev and Vyas
1972).

A Fo| Fare] ALP Exi= £l upel AbolsiA ekt
T gle]a]l L. terrestris= chloragogue tissueel] Barogaster
annandaleix= AF¥ M Zol) B2l ALPE X3} Y
Aoz WSt B AF 4 Eisenia andrei¥ B. anna-
ndalei®) ALP ¥-x3} 218 1oz A=l om Epith-
elium-polarized (EP) typeql o2 AL 3o} (Fig. 1, Table
1.

ZHFY B ALPE ¥ AN E 7HA T glem,
o128 dotA AL efub ALP7} ZF3 gl sialic acid
side chain®} Z-& QP& 7T e ez d=A U
t} (Harris ‘1989, Miura 5 1994). =3, Jose 5 (1991)2 rat
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2] 7 ALP 97o)A F7A ALPE 4-37°C Atole] 2%
oM vlwA gkgsht 37°C i}l 2 LxeofAy 8<t
At FAH ALPY] & dHAE M ushdnt B 9
ol A Eisenia andrei =32+ ALP2] 23of i3t Al WH3l=
37°Coll A H #FAE el om, w2 2xsl B 2%
ERoA wlwA B debAdAdE 2 Aow vepdr
(Fig. 2). Rotofor Cell-& o]-83}e] isoelectro focusingsl] 2]t
A phE A Az 2 ALPO] THAL °oF 40-
43 - xa Ak whalel 7o r vieldo)(Fig. 3). o2&t
A= 5 liver-type ALPS] 5 (4.5)3 fAMstd =
(Sarciron = 1991).

Wiliam#} Linda (1988) Z.§F-2] ®7}x] 23] EolA]
ALPo]| neuraminidase® ]tz A} Fo ]
wsts AHrjedFel wez AN FHA A5
o] A ALP: neuraminidase®] | gloll 2]l o]FAde) z}e]
7} vepden, 7 Ax: ALP7E 7|43t 2o uwlel 3}
ol7} slglch 23t A ALPo M= o) gl o] zpelE A
g 4 gk

B AN A . Eisenia andrei 7% ALP<)| neuraminidase
E A2g A3 ALP &2 olFAe WstE: IAY &
Bt} (Fig. 4A). o123 A3}+= sialic acid side chaine] ¥
HAHAE ZF7HAAIEE AAle] B Fo R W) R]Bleo] FA)
ALP3= sialic acid A7) 7F ez el glom, oj2 <qlsle] b
< AR E e Aer AZEY w3 FA ALP
PtdIns-PLCE A 2{3 A e ALP 843} o] 542 7}
ol & AL & gdsow (Fig. 4B), ol ZHF2 % ALP
7} glycosylphosphatidylinositol (GlePtdIns)ell anchor®| o]
Bl gl Hoffmann-Blume 5-(1991)2] B 118} Alo]s)#)
vebygt} o)8ldl A= E. andrei T3 ALP:= X%
A} ALP2}= 2] GlePrdInse) anchor®e] 9} 2] ¢F
2 A Wies RulHE Zlez Alusn

dutm oz A ALPE o}Z &4l dle vBlmy 4L
Heje] 71A BeoldE Zrch(ose 5 1991, Bingham %
1992). 8+ 2#2] ALP isoenzymeo| zti= 7]22] Eo]Al-L
o] A}t 7t AElA FeAdd Z ARAFE VX3 9l
o B A3 A 23] FAA BujE ALPE AMP,
ADP % ATP %2 nucleotide® & £E9 ALPREC &
#Hez Rste Aoz debdu(Say F 1991). 53
ATPE 7]A 2 3ledAl: PNPPEHUL 2u) o|Ae] X =g
vep 1 g1l om (Fig. 5), o818t AMAlE o] & A7) oy

2l fabell AP Q1] dhAkel Af{H] QlE iHAE
AlAbsl #3 ¢lu}. Lumbricidaefol] 43} = of8 34l
L. terrestris®] F7F2 uofj9
A& 23 Qe ALP7E o] &ae] H#dE o4
= 7leg Wy v} gl (Prento 1987b). o|ef3l ApAl-S
7 ALP7} ebe318 oAb}l s dARA S 21 9lS
S Jepllz ok 2 9xA 3} E andreiy® glucose 6-

OEO

O ,\],EH

2?2 glucose 6-phosphatase &
18k 9l

phosphate & 7|2 2 ste{ M= b 5 F2f ALPY Hl
g a4 BHE FAEE Aoz Atugoh(Say F 1991).
28y} glucose 1-phosphateE 71 - 2 &lodr]:= w9 2
$4 s FAhs Aoz velgth o83t AL A8
of 2 ALP7} Aol W7tew #ulg ¥ub ofJe} chl-
oragogue tissueol| & £z gtrii= Al H]Fo] B o] 2
Aol #]Abx] glycogen Bilo] Zlo] dAdEe] gl& Aoz
Al 5o}, ALP7} 32 glucose 1-phosphate 848 z+31 <l
Loz g]ycogengi e R2)% glucose |-phosphate 2
FE Qi7lE &Aooz Baldled glucoser) §-o)3}A
chloragogue tissue 2. K] o] %d 4= A 3, AAE <
2 A&l glycogen ¥ E F=2¥ 4 g Hoz A7
gk wit B o3 Ax= 42| ALP7} phosphodie-
sterase A& 2ty 9l Aoz ¥ ¢l or}(Coleman
1992) A7) &4 phosphodiester® 23 4~ ¢l 7o
2 vebsh gz wuse Y ALPE £ABe) &
3} A oA A AI=] = sugar phosphate, phospholipids 2
phosphorylated intermediate 532} %2 biological signal

molecule & F-3iske] W]AAAA signal®] #4& Atsie

&S st Aoz AZE 3 gl (Hoffmann-Blume %
1991). £ A7 Aol 2jsire= 9ok 22 $u)4d ALP2]

qAgE AFH o SHE +E gov Ao 24 K=
45l ALP7} phosphoproteing A 2]&t o 252} phosph-
orylated macromolecule® 7|A 5 3led nvlmA =2 FHA
& FATE AP sl9 2 YA slxe 299
heie SA HEn e

A A
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